The present study investigated effect of pesticide usage and public awareness on honey bee mortality. The experiments were conducted at three different sites at Maharashtra, India with domesticated bee hives of Apis mellifera L. The maximum bee mortality during 51 st week of 2012-13 (1559.10 bees/hive/week) clearly indicated towards the direct and indirect effect of insecticides in general at study site I (Case I). Similar experiments were repeated at other two different sites during 2013-14. Farmers (Case II and III) were aware of beekeeping and ill effects of pesticides. Farmers followed some precautionary measures to combat with the bad effect of insecticides on bees. As a result there was less mortality of bees. The experiments revealed that farmers should be aware of bee conservation and precautionary measures to combat with the bad effect of insecticides on bees.
INTRODUCTION
Wild as well as domesticated bees are major component of terrestrial ecosystem. Many plants would be unable to complete their development cycle without the intervention of pollinators (Klein et al., 2007) . Bees act as a vital pollinator for many plants and have well known optimistic impact on the crop production due to their foraging activity (Pashte and Said, 2015; Pashte and Kulkarni, 2015) . In addition honey bees have other positive impact, including the production of honey, propolis, royal jelly, maintain genetic diversity in plants and act as a bio-indicator (Porrini et al., 2003) . Bee heath is receiving increased attention as bee populations are declining worldwide (VanEgelsdorp et al., 2008) . Use of insecticides is being one of the promising causes for the bee deaths (Potts et al., 2010) . Concern about adverse effects of pesticides on honey bees have been the subject of research and debate. Many workers were recorded bee mortality near or in front of hive because of direct or residual pesticide toxicity (Mayer and Johansen, 1983; Delabie et al., 1985; Celli et al., 1989; Perez et al., 2001; Steen and Dinter, 2007) . The main goal of this field study was to investigate the potential impact of insecticides usage which is widely used by the farmers for insect management on honey bee (A. mellifera) mortality.
MATERIALS AND METHODS
The experiments were conducted for two years. During , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org the year 2012-2013, the experiment was conducted at horticultural division, Mahatma Phule Krishi Vidyapeeth (M. P. K. V.), Rahuri, Maharashtra, India (19.35°N and 74.65°E) , where ten colonies of honey bees were kept under the supervision. The period of monitoring was from September 2012 to January 2013, the usual blooming period of most of the horticultural and field crops. In all, ten bee colonies with 5 m distance between two colonies were provided with dead bee tray in front of colonies. The plastic trays (40 X 30 cm) were used for this purpose. A thick band of grease was applied to the outer border of trays for protection of dead bees from ants. The trays were provided with a cover of metal mesh (mesh size-1 inch). The count on dead bees observed in the tray kept in front of colonies was recorded thrice in each week during morning hrs (10.00-11.00 AM). Collected dead bees were disposed off after counting. All bee colonies were under supervision of trained person for the maintenance of bee colonies. Fortnightly observations were recorded on the pest and disease incidence and number of frames with bees. Data on pesticide usage by different research projects in the periphery of 3 km from apiary (10 bee hives) were collected during the experimental period (Case I). Similar experiments were conducted at two other locations (Case II and III) during 2013-14. Details of location of the experimental site are given in Table 1 . The observed bee mortality data were analysed by using Kruskal-Wallis test (McDonald, 2014) . Nature of season during experimental period: The metrological data on important weather parameters during the experimental period was recorded at meteorological observatory of the Mahatma Phule Krishi Vidyapeeth, Rahuri (Maharashtra), India.
RESULTS AND DISCUSSION
Mortality of honey bees observed in front of colonies at Horticulture Division, Mahatma Phule Krishi Vidyapeeth, Rahuri (Case I): Foraging behaviour is the link between the bee colony and the environment. Besides collecting pollen, nectar, water and resin, this has significant importance for plant pollination. As such foraging activity is very important as a bioindicator for indirect studies of environmental contamination with insecticides. Studies were undertaken comprising case I with lack of coordination and case II and case III with proper coordination on farmer's field. Monitoring studies were carried out in the M.P.K.V. premises, focusing on the mortality of honey bees in front of the hives. The foraging activity of the honey bee colonies at the test site was not directly measured. It was assumed, based on the honey bee biology, that bee placed in the flowering orchards forage as nearly as possible (A. mellifera foraging range: 2-3 km) and that the M.P.K.V. was rich source of flowering plants attractive to bees. The consideration of the meteorological data also supported the hypothesis about the bee activity. During 52 nd week and 53 rd week, the mean bee mortality was declined due to less population inside the hives. More than 90 per cent of dead bees showed abnormal symptoms. While monitoring bee deaths, the population inside the hives was observed for the presence of bee disease incidence and population density by recording number of frames with bee cluster. During 35 th to 37 th week, all the bee colonies were with healthy bee population of 9 -8 frames/hive. However, during 49 th to 53 rd week the drastic reduction was observed in the bee population. During 49 th and 51 st week, the mean number of frames with bees/hive were 4.50 and 1.30, respectively. During 53 rd week (1 st week of 2013) all the bee hives were empty. The meteorological data indicated that there was no rainfall but increase in sunshine hours after 44 th week (Fig.1) . The favourable environmental conditions supported more foraging hours and more exposure of bees to the different crops. The environmental factors such as temperature, humidity, rainfall and wind greatly influenced foraging activity of honey bees (AbouShaara, 2014) . At ambient temperatures of about 20-30 °C, the highest foraging activity was recorded (Tan et al., 2012) , while the low-est foraging activity was found at 43°C (Blazyte-Cereskiene et al., 2010) as well as at or below 10°C (Joshiand Joshi, 2010) . Higher humidity, rainfall, wind and low temperature had negative impact on bee visits (Puskadija et al., 2007) . However, the exact foraging activity of honey bees (Sept. 2012 -Dec. 2012 ). The data revealed that organophosphorus insecticides ranked first with 38.85 per cent followed by newer insecticides excluding neonicotinoids (26.62 %), synthetic pyrethroids (16.55 %), neonicotinoids (13.67 %) and carbamates (4.32 %) ( Table 3 ). The diverse cropping ecosystem supported more foraging hours and more exposure of bees to the different crops. However, being an experimental crop area M. P. K. V, Rahuri, pesticides were frequently used to manage pests. In the present investigation, drastic reduction in bee population was due to mortality of bees in front of colonies which could be attributed to peak period of pesticide spray interventions on different foraging flowering plants. This clearly indicated the direct and indirect effect of pesticides in general. However, bee mortality in front of colonies could not be attributed to any specific pesticide. The pesticides have detrimental effects on managed honey bee colonies and their productivity (Schenbayoand Goka, 2016) . The evidence of bee deaths in front of colonies was a result of pesticidal poisoning, which was in conformity with earlier reports (Pongthep, 1990; Radunz et al., 1996; Abrol, 2009; Hoven et al., 2013 , Anonymous, 2013 . Some authors observed abnormal dead bees due to pesticidal toxicity (Abrol, 2009 , Mayer et al., 1999 Muthuraman, 2000 , Suhail et al., 2001 . Mortality of honey bees observed in front of colonies at Chanda (Case II): An experiment was repeated at Chanda during the year 2013-14, where pomegranate grower maintained A. mellifera colonies. The data was recorded on bee mortality during flowering period of pomegranate from 14-10-2013 to 11-12-2013. The mean mortality of A. mellifera bees per day ranged between 0-32.50 dead bees/day. The pomegranate orchard was sprayed twice with azadirachtin 0.03 % @ 5ml/lit on 31-10-2014 and 4-11-12014. Also the flowering orchard was subjected to spray of chlorpyriphos 20 % EC+ metalaxyl 8 % + mancozeb (Twin) on 26-11-2014 (Table 4) . However, there was meagre mortality on subsequent days. The observed number of frames with bee cluster ranging between 7.50 to 8.00 indicated healthy population of A. mellifera bees inside the hives. Further, there was no incidence of any pest and disease throughout the monitoring period. Farmer at the location Chanda was well aware of beekeeping management. All the insecticidal sprays mentioned above were given at dusk (late evening). Also he restricted to minimum (three) sprays to maintain the bee fauna during flowering period of pomegranate. Preventive care was also taken to close the bee colony gates for the period of 24 hrs after spray interventions. Table  5 ). The bee mortality was meagre on subsequent days. The observed number of frames with bee cluster ranged between 7.00 to 8.00, indicating healthy population of A. mellifera inside the hives. Further, there was no disease incidence throughout the monitoring period. Pomegranate grower was aware of bee pollination and beekeeping management. Since the farmer was owner of all three colonies of A. mellifera. All the insecticidal sprays were made at dusk period (late evening). Also he tried to reduce unnecessary sprays to maintain the bee flora during flowering of pomegranate. All colony gates were closed for the period of 24 hrs. The internal feeding with artificial diet before spray also supported the reduction of bee exposure on the sprayed crop which minimized the hazards of pesticides. The managed shifts in the flowering of pomegranate also ensured the food resource for bees. The precautionary measures were taken by the farmer to reduce the pesticidal poisoning to honey bees at case II and III. This has been reflected in the meagre mortality of bees under the case II and III compared to case I. This clearly indicated that there should be cooperation between the growers and beekeepers regarding management of honey bee colonies and pesticide use from the point of view bee safety. The present findings are in conformity with the earlier suggestions i.e clear and regular communication between the grower and beekeeper is the best way to avoid the pesticide hazards with bees (Ellis et al., 2014) . Many bee poisoning problems could be prevented by better communication and cooperation among the grower, pesticide applicator and the beekeeper (Krupke et al., 2014) .Some workers mentioned different hazards and safeguards to bees in applying insecticides to crops in bloom (Mader and Adamson, 2012; Hoven et al., 2013; May et al., 2015) .
Conclusion
The coordination between beekeepers and farmers and some preventive and safety measures helps to lower down the probable bee loss. The area where pesticide use is frequent, proper care should be taken to prevent exposure of bee to insecticide and to maintain honey bee hives. Proper precautionary measures (insecticidal sprays were given at late evening hr, minimum and need based use of chemical sprays, use of safer insecticides, closing the bee colony gates for the period of 24 hr and internal feeding with artificial diet before spray) A, B and C= Names of A. mellifera colonies, Foraging crop: pomegranate , ** 1. The farmer was aware of bee keeping and bee health, 2. The farmer was owner of bee colonies, 3. Colony gates were closed during day after spray (management practices by farmer): to avoid exposure to toxicant, 4. All sprays were made at dusk period (late evening), 5. All observation were recorded during 1000 hr of day, 6. After recording observation the dead bees from trays were discarded, 7. Colony strength: 8 frames (approx. 5000-7000 bees), 8. Normal mortality for a colony with 60000 bees/colony: <100 bees/day
